Angelicae gigas Nakai has been used as a traditional medicine as well as an edible vegetable in South Korea. In this study, the total phenolic and flavonoid content and antioxidants of A. gigas Nakai leaves were examined in vitro via hydroxyl-radical-scavenging activity, reducing power activity, metal chelating assay, and DPPH-free -radical-scavenging assay. Among all the extracts from A. gigas Nakai leaves, the ethanol extract showed the strongest effects in all of the assays. The EC50 values for the DPPH-radical-scavenging activities of ethanol, methanol, and water extracts were 31.47, 42.14, and 58.47 μg/mL, respectively. Among the extracts from A. gigas Kakai leaves, the ethanol extract had the highest levels of total phenolics (7.84 ± 1.46 mg TAN/g) and total flavonoids (4.23 ± 0.03 mg QE/g), which correlated strongly with the individual phenolic-compound (p-hydroxybenzoic acid, vanillin, and trans-ferulic acid) contents. The ethanol extract also showed stronger antioxidant activity than tocopherol in hydroxyl-radical-scavenging activity assay. These results indicate that the ethanol extract of A. gigas Kakai leaves possesses significant antioxidant properties, which suggests its great potential as a functional-food ingredient in the food industry.
It is commonly recognized that reactive oxygen species (ROS) are involved in a variety of physiological and pathological processed, including cellular signal transduction, cell proliferation, differentitation and apotosis, as well as ischemia-reperfusion, inflammation, and many neurodegenerative disorders (1) . In healthy individuals, ROS production is continuously balanced by natural antioxidative defence systems. Oxidative stress is a process where the physiological balance between pro-oxidants and antioxidants is disrupted † Corresponding author. E-mail：jongdai@kangwon.ac.kr There is increasing evidence that consumption of a variety of phenolic compounds present in natural foods may lower the risk of serious health disorders because of the antioxidants activity of these compounds (4). When added to foods, antioxidants minimize rancidity, retard the formation of toxic oxidation products, maintain nutritional quality, and increase shelf life (5). The antioxidant activity of extract of several plants, including their leaves, bark, roots (6), fruits, seeds (7) and seedcake (8) has been extensively studied.
Tocopherol, tertiary-butylhydroquinone (TBHQ), butylated hydroxytoluene (BHT) and butylated hydroxyanisol (BHA)
are the most commonly used primary antioxidants in oils.
However, many researchers reported the adverse effects of synthetic antioxidants such as toxicity and carcinogenicity (9). Due to safety and limitation of synthetic antioxidant usage, natural antioxidants obtained from edible materials, edible by-products and residual sources have become alternately interesting (10) .
Antioxidants have diverse functions in biological systems, including defense against oxidative damage and participation in major signaling pathways in cells (11) . One of the main functions of antioxidants is to prevent damage caused by the action of ROS (12) . Antioxidants posses the ability to protect the cellular organelles from damages caused by free radicals induced oxidative stress. Free radicals include hydroxyl radical, superoxide anion radical and hydrogen peroxide.
Highly reactive free radicals which are formed by exogenous chemicals, stress or in the food system are capable of oxidizing biomolecules, resulting in cancer, coronary heart disease and hypertension (13) . 
Total Phenolics and Total Flavonoid Contents
Total phenolic compounds of the extracts were determined using Folin-Ciocalteu reagent described by Singleton (18) with slight modifications. Each extract (0.1 g) was diluted to 1 mL with distilled water. The diluted samples were mixed with 1 mL of diluted (1 : 10) Folin-Ciocalteu reagent and incubated at 22℃ for 5 min. The mixtures were reacted with 1 mL of 10% sodium carbonate solution and allowed to stand at 22℃ for 1 h. The absorbance was measured using a microplate reader at 760 nm. Tannic acid (Tan) was used as the standard to prepare a calibration curve. Total phenolic concentrations were expressed as mg of tannic acid equivalent (TAE) per g of extract. Total flavonoid content was determined using a spectrometric method (19) . Each extract (0.5 mL) was serially mixed with 0.1 mL of 10% aluminum nitrate, 0.1 mL of 1 M aqueous potassium acetate, and 4.3 mL of ethanol. The mixture was allowed to stand at room temperature for 40 min, and then the absorbance was measured spectrophotometrically at 415 nm. A standard curve was prepared at 0, 2, 4, 6, 8, and 10 mg/mL of quercetin as described above. Flavonoid contents were expressed as mg of quercetin equivalent (QE) per g of extract.
DPPH Radical Scavenging Activity
The antioxidant activity of the samples and control was determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay (20) . Two mL of the extracted sample (1%, w/v) was mixed with 1 mL of 0.2 mM DPPH radical solution in 95% ethanol. The mixture was incubated at 25℃ for 30 min and measured the absorbance at 517 nm. The scavenging activity of DPPH radical was calculated by the following equation:
where Ac is the absorbance of the control reaction and At is the absorbance of the extract. Metal Chelating Activity
The chelation of ferrous ions by the extracts was estimated as described previously (23) . In brief, 1 mL of extract at various concentrations was mixed with 3.7 mL of absolute methanol and 0.1 mL of 1 mM FeCl2. The reaction was initiated by the addition of 0.2 mL of 5 mM ferrozine followed by vigorous shaking; the mixture was then left to react at room temperature for 10 min. The absorbance was measured at 562 nm.
HPLC Analysis of Phenolic Acids
Phenolic monomers and dimers were analyzed using the trans-cinnamic acid) were dissolved in methanol and serially diluted to 10, 50, 100 mg/mL. Dilutions and peak areas were used to establish standard curves.
Statistical Analysis
The experimental results are expressed as means ± standard deviation (SD) of three measurements at least. Statistical 
RESULTS AND DISCUSSION

Total Phenolics And Flavonoids Contents
The total phenolic and total flavonoid contents in each A. gigas leaf extracts are presented in Table 1 . As shown in Table 1 , the total phenolics and total flavonoids from the ethanol extraction showed highest values. It is reported that intense heat from ethanol was able to release cell wall phenolics or bound phenolics due to the breakdown of celluar consistuents, thus causing polyphenols to be extracted (25) . α-tocopherol and BHT were used as positive control.
thought to be due to their hydrogen-donating ability. DPPH has been used extensively as a free radical to evaluate reducing substances (27) . 
Reducing Power Assay
The reducing power of the extract of A. gigas leaf was determined and presented in Table 2 . The reducing power of a compound is associated with antioxidant capability (29) .
For the measurement of the reductive activity, we investigated the Fe
transformation in presence of each extracts activity, which is an important mechanism of phenolic antioxidant action that is strongly correlated with other antioxidant properties (30) . As shown in the Table 2 , the EC50 value for EE was higher than ME and WE. The EC50
value obtained for α-tocopherol was 0.31 ± 0.07 μg/mL.
The effective reducing power was inversely correlated with the EC50 value as follows: α-tocopherol > EE > ME > WE.
The higher reducing ability of EE may be due to the high phenolic content which may act as reductones by donating electors to free radicals.
Fenton Reaction (Degradation of Deoxyribose) ·OH, the most reactive of all free radicals, is formed from O2 -and H2O2 in the presence of metal ions (31) . ·OH has the capacity to bond with the nucleotides in DNA, causing strand breakage that ultimately results in carcinogenesis, mutagenesis, and cytotoxicity (32) . The ability of the extracts to prevent Fe 2+ /H2O2 -induced decomposition of deoxyribose was determined as an index of ·OH scavenging ability, and this is presented in Fig. 1 . EE exhibited stronger antioxidant activity (IC50= 43.22 ± 1.67 μg/mL) against ·OH using Fenton system than ME (IC50= 53.21 ± 2.54 μg/mL) and WE (IC50= 61.24 ± 1.89 μg/mL), whereas α-tocopherol at 68.64 ± 5.47 μg/mL showed 50% hydroxyl radical scavenging activity.
The result implies that EE was more effective as a hydroxyl radical scavenging than the other extracts or a positive control (α-tocopherol). 
